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Equivalent Circuit Model
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Additional damping term by Additional driving term by
beam-induced electrons (as plasma people do)

beam itself (as RF people do)
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Model Equation

In the slowly-varying envelope approximation:\d\l /dt\ << \a)\l
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Beam Current
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It V, negligible...

Im

purely resistive
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The cavity appears to the generator
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It V, not negligible...

The cavity appears to the generator
not purely resistive
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..detuning is required

The cavity appears to the generator
purely resistive

W =W, 95 =9,
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In fact, coupling coefficient needs to be

adjusted as well to further minimize reflection
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Operation Consideration

The required detuning is small Last digit of the

/ RF waveform generator

f,—f = 2:5’ tany, ~1.4kHz << fo ~67kHz(for 3dB)
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If driving frequency (o) is phase-locked to the Linac for constant synchronous phase,

it is important to check available pressure range.

If driving frequency (o) is not phase-locked to the Linac, triggering and delay should be set
properly so the RF is on when beam passes through the cavity

Shift not from material

[ee]
[y
i

§ HI S properties

Z 812r - 2 | but from the geometry of the
& F AN —A— Cu (09/18/08)\ _+ .

N 810 _'\-\ —u— Al (09/24/08) - specific electrode

< T, SO, —e— Sn (09/25/08

e B

S sos| S N b f=w/27=805MHz
8 qoal ‘\A\'&\_\ 1" (Driving frequency)

8 r \\. I\ 1

c 802 A \:—

- S

é 800 |- \[_

/ 7o L0 v ] ] ]
Install remote

0 200 400 600 800 1000 1200 1400 1600
tuner next time? Pressure (PS|) 11



12



Electron Generation

Proton beam produces electrons
by proton-impact ionization + ionization by secondary electrons

An, p(dE / dx)As 1
1 proton W, (~ 35 eV) (7z1’b2AS)

Most (or some) electrons will be thermalized quickly (energy equilibration is much
faster than density evolution) by elastic + inelastic collisions,
and drifting with RF until annihilated (recombination + attachment + diffusion)
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Perturbation from Electrons

Need nonlinear correction for low E,/p
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Model Equation

After neglecting beam current, no detuning (y=0),

and proper normalization
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e+ H,2>H+H

Rate of Dissociative
Attachment (DA)

increases with the population

of vibrationally
excited hydrogen (v > 0)
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Time Resolved Optical Emission Spectroscopy

Only if we have enough photons = Photon counting ?

Beam pulse
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p+ H,> H,*+p, H,* 2 H, + hv : negligible = light comes from electrons !!!

e+ H,2>H,*+e, H* 2> H,+hv : UV (115~ 165 nm, difficult to detect)

e+ H,2>H*+H+e, H* > H+hv : Ha (656 nm, 2 orders of magnitude smaller than UV)
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Conclusions

Beam loading from beam itself is estimated to be negligible

Beam loading from beam-induced electrons is estimated to
be non-negligible
 Hopefully, recombination, attachment, and diffusion processes are

significant than expected
 Hopefully, adding a small fraction of a dopant gas can help

Things in progress
e Beam commissioning: Matter of time? or Need more manpower?
 Simulations: Oopic? or LSP?
e Optical Measurement: Prizm (Grating)? or Filter?
* Data acquisition (< 1 shot/min):
v BPM (or Toroid) = Beam arrival
Trigger

v' LabVIEW > BPM (or Toroid), Envelope of Ref and Pickup :) @ beam on

v' Fast scope > Ref, Pickup, PMT1(red), PMT2(blue)
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